We use a mean-field approximation to show the rapid collapse of protein-like polymers from random walk size to a much smaller, molten globule state due to hydrophobic interactions, to be followed by a slower annealing process in which there is little change in overall size. *
. Suppose we place the (hydrophobic) polymer in a medium of repulsive scatterers, representing the repulsive force due to water molecules, of number density ρ and (dimensionless) potential strength u. Then the size of the polymer was shown to be [1] (see also [2] , [3] and [4] )
where x = uρa 2 can be thought of as an effective scattering cross section and k = na 2 .
Note that (2) is essentially a Gaussian interpolation between the random walk and the collapsed polymer: for kx
more detailed model should still have a Gaussian enveloping function, due to the random placement of the scatterers.
In a mean-field approximation for the collapse process, let r = R represent the radial variable, with the potential u = u(r) depending only on r. Since the repulsive net force forces an inward collapse, the effect is that of a mechanical potential V (r) = −u(r) = −x/(ρa 2 ), forcing the polymer inward. We rewrite (2) as
We would like to have x(r), but can easily show our results by working with r(x). We first calculate dr/dx to be:
In the limit x → 0, r → √ k and dr/dx → −k 3/2 x → 0. This implies that dx/dr → −∞, or dV (r)/dr → +∞, implying the rapid collapse of the polymer (F (r) → −∞). In the
reached, but it is not difficult to show that a rapid collapse occurs throughout the domain of this approximation. To simplify the analysis, let z = r 2 /k and y = kx 2 . Then (3)
.
A straightforward calculation shows that this is solved for e y = 1 + y 2 + y (y 2 + 1) (y 2 + 4y + 1).
This equation is solved for y ≃ 5. So what happens past the inflection point, where the mean-field approximation starts to break down? The total radial force is now close to zero, since the water molecules are exerting their repulsive forces equally both radially inward and outward, which signlas the end of the radial collapse, and the formation of the molten globule state. We make another mean-field approximation, in which the net torque due to the forces by the water molecules is zero, so that the total angular momentum of the protein is conserved. This implies that
where I ∼ mr 2 is the moment of inertia, ω the angular velocity, m the mass and r the mean size of the protein, in going from the random walk (index 1) to the molten globule state (index 2). We assume a nonzero value of ω 1 from the Brownian motion of the initial random walk. It follows that
From the rapid initial collapse from r 1 to r 2 , r 1 /r 2 >> 1, which implies ω 2 >> ω 1 The slow annealing for large ω 2 follows from
where α is the relatively small angular deceleration of the rotating globule due to its interaction with the water molecules.
In summary, we have argued that, for the random, repulsive forces on a protein-like polymer initially in a random walk state, a rapid collapse ensues, followed by a slower annealing process. A more detailed analysis would be interesting, preferably to be performed by someone with at least a respectable knowledge of the biology of proteins. Hopefully, the above calculation will prove helpful in this regard.
